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Abstract 
Three-dimensional components which incorporate CFRP are molded by skilled workers manually; this makes quality control 
difficult. This study discusses how workers’ skill influences the mechanical performance of molded products. This study aims to 
establish qualification criteria and standardize the manufacturing process.  Carbon cloth prepreg was stacked in six layers in a 
mold in a fiber orientation pattern of 0°, 45°, 0°, 0°, 45°, and 0°. The hand lay-up process was applied and subjects chose their 
own process and tools. Subject A had 13 years of experience and subject B had 1 year of experience. The process was recorded 
with a video camera and results compared in an interview format, inspecting footage of the process together with the subject. 
Subject A’s movements were very smooth, his body and face close to the mold, whilst subject B's movements were very 
awkward. Subjects’ use of tools and hands were analyzed. In the judgment analysis, subjects were interviewed and their 
responses analyzed. The subjects’ decision-making processes were given numeric values and studied, identifying the critical 
path. There was a noticeable difference in the subjects’ process and a significant difference in the mechanical properties of the 
molds. This study will be repeated with more subjects in order to identify the various factors. 
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1. Introduction 
In aeronautic and automobile manufacture, the incorporation of CFRP in three-dimensional parts has increased 
significantly in recent years. As there is currently no automated method to make these structural components, highly 
skilled workers who make these components manually are highly sought after. Use of manual labour makes quality 
control difficult, as this has a large influence on the mechanical properties, such as the accuracy and strength, of 
parts that are produced. In order to alleviate these quality management difficulties, ideally, all workers would be 
provided with operation manuals and obtain the sufficient skills to prevent individual differences from occurring in 
the hand lay-up process. However, there is not a sufficient curriculum to support workers in acquiring these skills 
and no assessment system to establish skill level. Moreover, there is no useful literature on the effective use of 
fingers or tools. There are also no reports which verify how working process variations influence the performance of 
molded products. In this study, we aim to establish criteria and standardize the work process of this method. This 
paper discusses how differences in the hand lay-up work process and workers’ skill level influence the mechanical 
performance of molded products. 
2. Experimental method 
As shown in Fig. 1, we used a tray-shaped square mold measuring 405mm on each side with an edge height of 
30mm. 
2.1. Experimental materials 
We used carbon fiber T-300 3K plain woven fabric epoxy prepreg sheet (produced by Toho Tenax Co., Ltd.) as 
the reinforcing material. 
 
 
Fig. 1. Mold. 
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2.2. Experimental method 
Carbon cloth prepreg was stacked in six layers in the above mold. The fiber orientation of the carbon cloth was 
set using one edge of the mold as the plane of reference. The first layer was 0°, the second was 45°, the third was 0°, 
the forth was 0°, the fifth 45°, and the sixth was 0°. To achieve this, the mold required the application of the hand 
lay-up method. Subjects were allowed to choose their process and molding tools. Subject A had 13 years of 
professional experience, and subject B had 1 year. In order to analyze this method, the hand lay-up work process 
conducted by each subject was recorded with a video camera. The results were compared in an interview format 
while inspecting the stacking action and work processes (shown in Table 1) in the recording. 
 
Table 1. Requirements and Purpose for Stacking. 
Requirements and Purpose 
Stacking 
Action 
Posture and habits 




Use of tools 
Comparison of eyeballs 
Comparison of the working time 
2.3. Molding method 
As shown in Fig. 2, while the expert, subject A’s, movements were very smooth, subject B's motions were very 
awkward. When considering working posture, subject B's body was tilted forward, his head was positioned closer to 
the mold than subject A. We will verify details of their eye movements in further analyses. As for using the tools and 
their fingers, subject A was precise, but subject B repeated many actions and often checked his work. It also took 
him a long time to complete the process because he did not use one single method. 
 
 
Fig. 2. Stacking Experiment. 
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2.4. Video analysis and judgment analysis method 
Based on the video analysis shown in table 2, we specifically analyzed the stacking process and how the subjects 
used the tools and their fingers. In the judgment analysis, the subjects were shown a video of their process and 
interviewed about their choice of tools and their intended use. The transcribed interviews were then analyzed. The 
decision-making process and judgments made by the subjects was identified and given a numeric value. 
 
Table 2. Method of Analysis for Stacking Action and Decision-Making. 
Requirement and purpose 
Video Analysis Process 
Stacking analysis 
Analysis of the movement of tools and fingers 
Judgment 
Analysis 
Use of tools  
Plan of action and explanation 
Details relating to actions and decision-making.  
 
2.5. Molding analysis and details of process time 
As shown in Fig.3, we compared the time each subject spent in the molding process. Subject A took more time in 
bagging process than in stacking. Subject B took almost twice the time than subject A in the same process. The time 
subject B spent bagging was half that of the time he spent stacking. Moreover it is clear that each subjects’ level of 
experience greatly influenced the allocation of time and amount of time spent on bagging. 
Based on those results, we analyzed the influence of the subjects’ skill on the mechanical properties of the 
completed product with a cross section observation and compression experiment. 
2.6. Time spent usage of tools and analysis of method 
We analyzed the proper use of tools in the stacking process (Fig.4). Subject A uses the cutter more frequently 
than the scissors when cutting off excess materials in the stacking process. On the other hand, subject B uses both 
tools equally. The plastic paint knife is used for spreading materials to the corners without wrinkles. When using the 
plastic paint knife, subject B repeated many actions and used the plastic paint knife 1.5 times more than subject A.  
 
 
Fig. 3. Division of Molding Time. 
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Fig. 4. Division of Time Spent Using Each Tool. 
Fig. 5. Critical Path Analysis. 
4596   Toshikazu Uchida et al. /  Procedia Manufacturing  3 ( 2015 )  4591 – 4597 
Fig. 5 outlines the analysis of tools used and time allocated to each component: flat surfaces and the inside and 
outside of the corners (R). Subject A spend a short time on each process: Subject B spends close to twice the time on 




Fig. 6. Analysis of Transcript. 
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Subject A spend a short time on each process: Subject B spends close to twice the time on each process. Using 
this analysis as a base, the subject was shown footage of the process and interviewed about their process. 
2.7. Interview analysis of eyeball movement 
The purpose of and motivation behind each process was explored via interview with subject A and subject B. 
Subject A can make quick judgments because subject A has 13 years of professional experience. In addition, subject 
A is used to working quickly. Subject A can work uniformly and rhythmically by using the right tools for the right 
process. Subject A thinks ahead to the next process. Subject A gave confident answers to questions about process. 
On the other hand, subject B is in the middle of acquiring skills by watching and copying the movements of subject 
A. As a result, subject B doesn’t assimilate a relationship between materials and tools to work quickly and correctly. 
Subject B responded to interview questions by watching the footage and reflecting on his process. Subject B is 
uncertain of how to use his fingers. Therefore subject B makes many unnecessary movements. Subject B’s answers 
to interview questions were unclear and non-specific. In subject B’s case, his process largely depends on intuition. 
Subject B wastes prepreg by cutting and rolling out more than necessary. By examining the footage we were able to 
see the effect of such practices on the quality of the finished product. 
3. Experimental results and discussion 
In the mold used for this study, each of the four corners (R) was a different shape. This then makes it difficult to 
stack the prepreg sheet in the corners by hand. The mold appears to have a typical shape, but the design has been 
calculated to require a great deal of skill to use. 
The difference in the subjects’ experience was quite clear when observing their decisions and judgment. There 
was a significant difference in the mechanical characteristics of the molds made by the expert and the non-expert 
subject. We will repeat this study on a constant basis with more subjects in order to identify the various influencing 
factors. 
4. Conclusion 
By specifying the requirements and purpose in the initial molding process, we were able to distinguish the 
differences between expert and non-expert workers in the selection of molding tools, working posture, eyeball 
motion, time taken, and the overall working process. We will pursue the standardization of the work process and the 
quality process by analyzing the effect that workers’ skill has on the mechanical properties in the three-dimensional 
shapes. 
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